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FOREWORD 


The  experiments  described  in  this  report  were  caadected  at  the  request 
ul  the  Space  Task  Group  of  the  Rational  Aeronautics  and  Space  Administration, 
urder  Project  7222,  Task  71748,  "Acceleration  in  Flight."  They  were  designed 
to  fcnppiy  a  basis  for  comparison  of  a  rigid  contoured  support  and  a  lightweight, 
flexible  net  support. 

The  authors  art  indabted  to  Wlsg  Commander  John  l.R.  Bow  ring,  RAF, 
and  1/Lt.  William  Elkins  of  the  Aircraft  Laboratory,  designers  of  the  net  eeat, 
for  their  enthusiastic  and  invaluable  collaboration  in  this  study. 
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a.  electrocardiographic  changes,  tracking  performance  ability, 

*  ***** *!**  wer*  4artag  an  acceleration  profile  designed 

to  encompass  several  possible  rearward-facing  re-entry  patterns.  A  maximum 
2£celeraiiop  of  16. 5  g  and  a  total  time  of  1T0  seconds  were  employed.  Subjects 
i^cea  the  center  of  rotation  with  the  trunk  and  head  inclined  II*  in  the  direction 
offche  centrifuge  aad*.  The  mbJecU  were  supported  wi»h  a  contoured  net  system. 
™ 0  &  BevOT>  subjects  repeated  the  experiments  wearing  the  MC-2  full  pressure 
suit,  both  pressnrired  and  unpresauxisod. 


PUBLICATION  REVIEW 
Thij  report  has  been  reviewed  and  is  approved. 
FOR  THE  COMMANDER: 


ANDRES  I.  KAR8TEN8 
Colonel,  U8AF  (MC) 

Aset.  Chief.  Aero  Medical  Laboratory 
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•  .  HFIEODTJCTION 

The  IJASA  prqqram  for  manned  space  flight  has  made  necessary  the  eval¬ 
uation  ar4  performance  capability  taring  accelerations  ex- 

pected  in'gd-ea»ry  dt  a  ngn-iist  body  from  orbit.  Several  g-time  profiles  are 
possible 'depending  upon  the  velocity  of  re-entry  (i).  The  present  concept  of 
the  first  mia-lh-spaee  capsule  involves  &  method  of  rotating  the  seated,  forward- 
facing  man  through  ISO*  faring  the  orbital  phase  so  that  he  experiences  the  result¬ 
ant  inertial  force  freer  acceleration  in  the  same  direction  during  both  boost  and 
re-entry. 

It  is  apparent  that  the  basic  design  of  the  support -restraint  system  will  be 
a  major. facto?  in  deferiSniag.ROt’cmiy  physioh^ical  tolerance  but  man’s  func¬ 
tional  ability  during  the  acceleration  phases  of  space  flight.  Consideration  has 
been  given  to  the  principle  of  uet  support  for  these  accelerations  both  by  WABC 
and  by  acverai  organixstions  in  industry  (2).  The  oovious  advantages  in  weight 
sml  comfort  have  already  been  established  (3).  Hie  principle  to  be  described 
allows  use  of  the  Sill  pressure  suit,  e  itber  inflated  or  lalaftated,  without  modiii- 
cation  of  the  support  system.  Hie  purpose  of  this  paper  is  to  report  the  results 
of  preliminary  ©spsrijsents  which  explore  the  problem  of  human  response  to 
the  accelerations  predicted  during  the  NASA  re-entry  profiles  using  this  system 
td  support.  The  acceleration  profile  studied  employed  a  duration  and  maximum 
g  which  was  in  excess  c£  the  several  estimated;  re-entry  patterns  submitted  by 
NASA. 

METHODS 

The  experiments  we^x)  conducted  in  the  free-swinging  cab  of  the  WABC  human 
ceuli  Huge.  The  sebjllis  faced  the  center  of  rotation  with  their  thorax  21  feet 
from  the  centrifuge  asis.  The  support  systom  used  is  shewn  in  Figure  1  and 
was  developed  in  tbb  Crew  Sistioh  Design  Section  o!  the  Aircraft  Laboratory. 

This  particular  seal  designed  to  determine  the  contour  required  for  maximum 
body  support  during  seceteraiion  using  a  resets!  nylon  mesh  ui-ivr  moderate 
tension  as  the  support.  Tib  headrest  was  made  of  variable  density  slow  recov¬ 
ery  foam.  A  rigid  "cress  body"  arm  rest  was  employed.  The  seat’s  back  angle 
and  overall  contour  were  adjustable.  Preliminary  studies  have  suggested  that 
the  position  shown  in  Figure  2  is  one  which  offers  good  overall  body  supnori  and 
that  this  degree  of  body  angulation  is  one  which  appears  'to  strike  an  adequate 
compromise  between  tbs  cardiovascular  and  respirator/  limitations  associated 
with  higher  accelerations.  In  this  position  the  head  and  trunk  are  inclined  in  the 
direction  c£  the  asceteratioa  vector  by  an  angle  of  approximately  12“,  depending 
on  the  amount efcdfeglacsmeisi of  the  body  downward  in  the  nylon  net.  For  example, 
a  ns-poundjld-inchmaa  increases  this  asigle  by  5'  at  12  g  forward  acceleration. 

The  angle  obtained  <£s?i|g  acceleration  varied  between  11°  S0‘  and  IS*  30'  in 
the  sabjectpanel  used  in  these  experiments,  Hie  thighs  and  trunk  fores  an 
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included  angle  ef  ICO*  and  the  angle  at  the  knees  is  approximately  100s,  The  studies 
conducted  with  this  seat  are  the  basis  for  design  of  a  lightweight  iubuiar  titanium 
and  dacron  mesh  system  currently  under  construction  ia  the  Aircraft  Labor aiory. 

The  acceleration  profile  which  was  tested  is  shown  in  Figure  2  Basically, 
the  curve  involves  two  rates  of  on^et,  viz. ,  the  ciubjer.  '.s  accelerated  at  a  rate 
qj  0. 14  g/second  to  8. 5  g,  then  to  16.  &  g  at  Q.  32  g /second.  The  decay  of  acceler¬ 
ation  is  a  mirror  image  <k  the  onset.  The  total  time  of  acceleration  is  170  seconds. 
The  ©abject  is  above  8. 5  g  for  50  seconds.  The  area  under  the  curve  represents 
a  change  la  velocity  of  approximately  M,  500  mites  per  hour.  This  profile  was 
chosen  because  it  envelopes  the  several  calculated  re-entry  profiles  submitted  «y 
MSA. 

Velocity  o?  sir  flow  was  measured  continuously  with  a  low  resistance  wive 
mesh  pasumoteebygrash  and  a  0,  b  psi  differential  transducer.  Tiuti  volumes  wer* 
determined  by  planimetry  from  the  respiratory  curves  recorded.  Electrocardio¬ 
graphic  ir-y-eings  were  recorded  throughout  each  centrifugation  using  a  modification 
of  Lead  n 

During  experiments  with  the  pressurized  MC-2  suit,  absolute  helmet  pressure 
and  fcelmeni-saU  differential  pressure  ware  also  measured  using  Statham  strain 
gage  differential  transducers. 

Estimates  of  performance  were  made  through  the  use  of  a  dual  pursuit  tracking 
task  which  had  been  previously  stesdnrdised  (4) .  The  task  consisted  of  an  Instru¬ 
ment  Lauding  System  indicator  mounted  77  cm  directly  in  front  of  the  subject's  eyes. 
It  was  connected  to  aa  oscillator  which  gave  full-scale  bsitectien  of  both  needles 
every  20  seconds.  The  needles  did  not  cross  tee  center  target  area  at  the  same  time 
The  ILS  indicator  was  ilismisated  with  a  source  of  white  light  wh mu  gave  10  teat 
Lamberts  re!  tec  ted  temlaaase.  The  subjects  were  instructed  to  attempt  to  keep 
both  needles  on  a  circular  target  area  3.  S  mm  in  diameter  in  the  center  of  the 
indicator  with  a  control  Roosted  oa  the  arm  support.  The  two  dimensional  control 
was  adjustable  lor  arm  Lengths  of  the  different  subjects.  It  was  a  small  knob  widen 
coaid  be  moved  through  fall  seals  (15  mm  top  to  bottom  and  12  mm  side  to  side) 
with  only  finger  and  wrist  movements.  Its  sensitivity  was  such  that  one  millimeter 
movement  of  ths  control  caused  a  2. 5  mm  deflection  of  the  indicator  needles,  Each 
naediemeved  15  mm  on  either  side  cf  the  esnter  of  the  indicator  during  fuit-aeate 
deflection.  Performance  was  remote^  recorded  as  percent  time  off  target.  During 
the  experiment,  while  acceleration  was  constantly  changing,  the  entire  display  was 
recorded  using  motion  picture  cameras.  This  allows  analysis  cl  tracking  perfor¬ 
mance  ability  as  an  instantaneous  function  s!  acceleration.  Furthermore,  the  film 
record  iasisdes  a  measare  id  the  distance  off  target  of  each  needle  to  unn  the  degree 
os  error  as  well  as  ablate  error  c-aa  be  assessed. 
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FIGURE  2  -  Re-Entry  Acceleration  Profiles 


In  additloa  to  this  task,  the  subjects  were  required  to  repeatedly  respond  to  a 
center  light  ('17  cm  eye  la  light  stance,  laminate  in  excess  of  10,  OGQ  foot 
lamberts,  white  light)  by  squeesirg  a  trigger- grip  switch  to  extinguish  it  within 
3  smtpsdMftsr  the  light  was  turned  on  tjy  ti:a  central  observer,  Tne  subjects 
wars  £c4d  to  give  the  center  light  priority  o\er  the  tracking  task  and  it  was  assumed 
that  they  ware  at  blackrsx;  when  they  failed  ’  o  answer  the  light. 

Another  switch  1  scaled  above  the  trigger  was  connected  to  the  power  supply 
of  the  eeairtfage  and  eliowed  the  subject  to  terminate  the  experiment  at  a, tv  time 
daring  the  aceeteratioa  that  blackout,  severe  dyspnea,  chest  pain,  or  any  other 
symptom  associate  with  loss  of  a  critical  faculty  appear ed. 

The  subjects  practiced  tracking  at  one  g  until  their  performance  reached  an 
apparent  plateau.  They  were  then  given  several  practice  sessions  at  low  and 
intern*  Sate  ameliorations  prior  to  the  actual  esqjgriments. 


w  ^rritactAs  involved  seven  young  adult  male  subjects.  Six  were  exps- 
riescea  ueaJrlf&f®  riders,  the  other  was  given  two  indoctrination  sessions  at  iow 
accelerate  prior  to  beginning  the  experiments.  Yhe  acceleration  profile  shown 
in  figure  3  was  dgo  studied  with  two  ol  the  seven  subjects  wearing  MC-2  foil 
pressure  suits.  Bmh  subjects  were  centrifuged,  first  with  the  euit  ventilated 
bat  not  inflated,  and  <ss  another  day,  with  the  suit  pressurised  at  3  pal.  The  anti-g 
bladders  were  not  activated  in  either  of  the  tests. 


With  an  overall  trunk  and  head  angle  of  17°  in  the  direction  of  the  accelera¬ 
tion,  blackout  was  experienced  by  two  subjects  at  32  g  when  so  straining  maneu¬ 
vers  or  protective  equipment  were  used.  Bv  using  the  standard  Air  Force  anti-g 
suit  (CSU-b/F)  inflated  to  §  psi,  loss  of  vimos  was  prevented  in  both  subjects  at 
12  g.  When  8m  hack  angle  was  changed  to  \  2*,  only  one  of  four  subjects  exper¬ 
ienced  blackout  at  56. 5  g  without  anti-g  suits.  Dyspnea  appeared  only  at  higher 
levels  o'  acceleration  in  Ms  position.  Alt  -subjects  maintain  some  degree  of 
ventilation  throughout  the  acceleration  prolito. 

Results  frcrc  espeslsssats  enveloping  the  NASA  re-entry  acceleration  curves 
are  shown  in  Tables  l  &uu  3.  Five  of  seven  subjects  were  able  to  withstand  the 
entire  profile  shmn  ip  Figure  2  .  Two  subjects  experienced  severe  s ftesterea? 
pate  associated  with  inspiratory  dyspnea  aaawere  forced  to  terminate  tee  exper¬ 
iment  at  33.5  and  16-0  g  respectively,  The  pais  was  an  intense  ache  over  tbs 
loa’sr  third  of  the  sternum  wiieh  radiated  bllatertaliy  along  the  costal  margin  and 
into  the  epigastrium.  It  persietedfor  4  to  S  hours  after  the  experiment.  One  of 
these  subjects  experienced  a  sharp  chest  pain  which  radiated  to  the  top  of  the 
scspuJa  on®  hour  after  tbs  experiment.  Standard  elect  reeardiograms  t-aksn  74  hours 
s8er  the  ssperimesi  failed  t&  reveal  a  deviation  from  the  normal  in  any  of  the 
s$ven  £ub!e^'.3. 


§ 
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WJss^mi  was  sspreached  lc  tores  o£  13  eiipertiacats.  The  subject  were  >'<ua'jLe 
to  se# fee iraektagiask  at  16,  §  isrt  ooiiM  sfcU)  £«e  tbs  center  light  durirg  the  peak  t.‘ 
to®  acceleration  profile.  One  subject  repeated  tbs  experiment  and  »a i.  able  to  p'e- 
w&st  blackout  fey  straining  maneuvers  at  peak  acceleration.  is  the  regaining  esur- 
iioestB,  the  iMbjeets  'Apparently  were  able  tc  perform  the  tracking  f*sfc  t hreoghad 
toe  eigsrtmeut. 

C&iy  two  subjects  hare  bees  tferoagis  ibis  is  toe  Ml  pressme  suit. 

Beils  subjects  were  able  to  sizars  -3*®  erstirs  esporimeto;  and  gusjseiivoly  felt  that 
to®  lasinttated  suit  did  not  impair  isiarese®.  One  subject  felt  that  the  sailed  run 
was  mors  tolerable  f&aa  bis  previous  r<a- suited  exposure.  Tracking  ;ibidty  darinr 
both  the  pressurise?,'  ssi  snpressurisKt  suited  e^seriffitejits  appeared  t<>  be  as  good 
ssr  bettor  than  is  to*  shirt-sleeves  experiments. 

Wills  toe  MO-1  sstoi  rressiriaid  s.t  3  ysi  usjfejeeis  attidasd  a  peak  acceiera- 
iiea  <&  1?-  5  c.  fifes  Reject  yofewtarlly  tie  esgerimep*  at  this  pint  because 

c£  s,5vsrs  dysgs?*-  Tldi!  whine  teal  beg»ss  to  daereE.se  markedly  at  10  g  and  ros- 
gkaiioa  bad  sussed  ?/eiirely  a*,  id  g.  The  otosjr  sublet  eaceecsfuiiy  coi spieled 
lie  wofil®, 

By  tsei^  toe  pnesioa  picture  records  of  too  fct  asking  task  monitor  the  play,  it 
was  possible  to  du -‘toe  target  stars  other  than  the  'u §  mm  target  which  was  records  i 
aata®at:e*Jly~  Mabs^r^ssfe'ir;;  wsre  sad®  to  Sitermlat-  toe  pg  riant  of  d-se  each  sub¬ 
ject  'vm  able  to  .map  both  jiiJ^or  needles?  ulthiu  a  target  of  t,  0  o®.  diameter. 


The  5re?i  too  tracking  fctsk  ssem®  »•  bo  variahj-.  Ta  -appears  that 
the  erarsli  tz ore  as  wsil  as  its®  < score  based  is  modest  to  mom*  at  changes  la 
tracking  toigty  (at  toftereai  levels  of  ascci^i>atici!')  it?  orttcaiiy  related  i«  the 
accree  oS  legale; ;  which  ifes  iKifejact  has  utsdia'goni!. 

3  she  c.fs  toe  j?si^lsg  scvtc5  s*  ‘5t5  ssfeKvcts  who  ware  meet  exper- 
teBC«4  a.;<5 1  ;sk,  ©se  «^Jiefewaoai»sHlpi>i€.  Bath  bad  practiced  the  task 
a  auisber  c€  times  during  transverse  acesiarndtoo  el  ccore  than  1  $*  Fijjure  4  is 
a  gmpfe  <1  tores  «sl  a  tes»  experieaoed  scfejsct  during  toe  same  mcehsa&m, 
first  westing  ®is  neailonsl  ^,toaf;  coveralls  tlus.-i  toe  uninfl&tod  MC-S  full  pressure 
suit  and  finally  a  !C-2  suit  Ia5«e4  ss  8  p^= 

Tibk  S  shss?gtbe  traektog  ability  £d  sash  ssibject  Immc^steiy  before  smd 
alter  toa  Thor®  ®aa  so  fiross  tAestusient  in  the  toms-  retjaired  to 

extinguish  to®  ceiter  iiglft  wbub  It  was  pr^asdsei  r~~i£  =«ea  marked  loss  of 
vision  or  btecfesjt  «  to®  higijar  ae^eifeiratioaa  occurred. 


ISSvUSilOH 

Tfee  5*psria>ssis  in  tws  pspar  rppieser.t  a  spemi  effort  to  su-ply 

tirforsistisfe  about  toimaa  reactions  to  a  eptoitte  serifs  o!  accskraiions  tbs 
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set  support  system,  Because  of  toe  «rg©»y  of  toe  revest  lor  this  information, 
it  has  been  necessary  to  sacrifice  several  impcirtaat  physiological  measurements 
'which  hkd  beta  planned  lor  toe  overall  study.  Since  toe  set  system  of  support  ?nd 
restraint  is  being  considered  for  several  weasoa  systems,  tola  tebcratosy  is  pianmeg 
an  extended  series  of  both  basis  and  applied  Judies  to  objective!/  select  optimum 
body  positions  with  respect  to  both  physiological  teles  aace  and  performance  ability. 

It  is  probable  that  g  cesMdsrahls  portion  of  tote  iatorraati.cn  will  be  available  to 
time  to  be  of  use  to  NAM  miring  eels sties  of  their  support  system  for  the  manned 
space  capsule. 


It  is  not  possible  to  entirely  esptols  the  increase  is  tolerance  which  the  aei 
system  provides  to  comparison  to  the  rigid  system  previously  used  in  this  labora¬ 
tory  {§).  The  subject  panel  includes  members  who  participated  to  bath  studies. 

Tbs  earlier  rigid  system  was  not  contoured  to  body  shape.  The  net  support  was 
contoured  to  the  dorsal  surface  of  the  body  te  some  degree  and  became  even  more 
close  mtiagnnder  acceleration.  It  may  be  that  the  bet  support  reduces  distortion 
of  the  chest  wall  unde?  acceleration.  At  aay  rate  It  reduces  rc-spii  story  effort 
and  chest  pain.  It  definitely  is  more  comfortable  and  prevents  tbs  formation  of  der¬ 
mal  geteebi&e  to  dependent  areas. 


Tbs  versatility  ei  ms  nst  ecpport  system  is  illustrated  by  tfes  fast  that  subjects 
ranging  from  145  pounds  to  1?S  poinds  were  comfortably  supported  throughout  toe 
acceleration,  the  degree  of  body  displacement  Is  related  te  the  stretch  of  toe 
reache!  nylon  set  so  that  heavier  subjects  have  a  slightly  groats?  back-angle  than 
tighter  subjects. 


The  two  tests  using  flying  coveralls  which  were  terminated  involved  short, 
lightweight  subjects  who  apparently  displaced  the  set  eupport  toast  at  any  of  the 
paseL  A  limited  saagber  cf  experiments  have  bees  dene  comparing  dacron  and 
for  set  sujpon.  Dacron  is  supposed  to  undergo  less  et?etch  so  that  ft 
should  be  possible  to  ore- position  the  subject  at  too  desired  body  angle  witoeyt 
started  changes  tferisg  the  acceleration.  IkcJiiaisary  results  indicate  tost  toe  par¬ 
ticular  daeroa  set  used  underwent  wisest  as  much  stretching  as  toe  nylon  net. 
Fertfegrasare,  it  fatted  te  return  te  its  original  steps  after  too  aseetoreuca.  Farther 
studies  are  necessary  te  define  its  u&stoteess  as  comp&rfd  to  avion  aad  other  materials. 

The  loss  of  vision  to  seated  forward  acceleration  appears  to  have  a  mere  com¬ 
plex  etiology  toaa  the  usual  blaci  -t  to  essted  fcead»>sr4  aoceisratiea.  Besptie  9 
very  glow  rate  ef  essst  of  the  psaudve  g  vector,  less  of  aisles  occurred  shea  this 
sompesest  reached  about  8  g;  a  point  considerably  bates*  the  threshold  for  seated 
positive  acceleration.  However,  fe*  «ye  is  eft-sot  IS  v  £wst  af  the  heart  to  tide 
position  so  that  is  provable  that  a  portion  c£  toe  hytist  ;  cotexnn  sets  to  prevent¬ 
ive  adequate  retinal  perfusion.  Tbs  asti-g  wit  and  mnszt sng  mas®sv®?s  appear  to 
aid  to  prevention  of  loss  of  vision  to  forward  sssetoratioo  aftowtag,  st  toast,  that  this 
bksisut,  as  is  positive  g,  is  cessed  by  cosapretslsa  ef  tbs  tewsr  part  cl  the  body. 

If  tfe®  ecfeapsst  of  tbs  epee  vstoels  is  required  te  gerterss  any  critical  teaks,  it 
appears  worthwhile  Is  supply  him  with  feacttoaal  aati-g  bladders  which  function 
peak  aecetoratisa  above  IS  g. 


WABC  TN  59- m 


ii 


Tae  performance  measurements  in  this  study  esentiaily  confirm  and  extend 
those  of  Prestos  Thomas  (6),  whinh  explored  man's  ability  to  perform  similar 
tasks  during  three-stage  forward  cw-eleraSoss  characteristic  of  the  .auneh  phase. 

It  appears  doubtful  that  man  will  be  meekKiicaUy  able  to  make  more  than  wrist 
ana  finger  movements  da  ring;  acceleration  greater  Uian  12  g.  Cne  subject  whose 
hand  slipped  off  the  tracking  control  at  peak  g  was  unable  to  reach  the  instrument 
ag-tia  imHl  the  acceleration  was  reduced  to  about  10  g. 

Performance  ability  during  acceleration  as  indicated  by  the  dec*  puraiit  Irock- 
«"s  task  appears  to  be  a  fusc'aca  of  learning  is  do  the  task  during  acceleration. 

The  numerals  sessions  of  practice  at  l  g  did  not  seem  to  make  up  for  lack  of  exper 
><*nce  of  most  o!  the  subjects  with  the  task  during  acceleration.  We  do  no*  yet  have 
d_i3  on  s  large  enough  number  cf  trained  rejects  to  present  a  statistically  signif¬ 
icant  picture  of  performance  ability  m^iag  the  acceleration  profile.  It  is  apparent 
fre-ra  Figure  S,  however,  ttet  s*  least  some  people  can  be  expected  to  exert  rather 
f-risical  costal  aver  mz'o  %  task  during  accelerations  of  up  to  12  g.  Actually,  the 
two  subjects  whose  scores  are  shown  in  Figure  3  continued  to  do  well  on  this  fash 
v".*«l  loss  of  vieion  from  the  positive  g  vector  occurred. 

The-'e  is  an  indication,  baaed  on  the  experience  of  two  subjects  during  12  g 
ao-eieraiioas  in  a  slightly  different  position,  that  uce  o?  the  anti-g  suit  in  this 
situation  may  extend  performance  ability  by  rate«g  the  threshold  for  loss  of  vision. 
Tt  ore  ia  r.o  apparent  evidence  cf  impaired  performance  immediately  after  tee  sim¬ 
ulated  deceleration.  Thin  would  indicate  that  tee  occupant  of  a  space  vehicts  could 
be  w-qpecred  to  naak?  .similar  critic  el  adjustments  shortly  after  re-entry,  or  for  that 
matter,  after  fcesst  since  the  fcite  vector  acts  in  the  same  direction  (except  for 
the  possible  influence  of  zero  g  state). 

h^v&ry  subject  decreased  tidal  volume  and  increased  respiratory  frequency 
progressively  te  a  maseer  directly  related  to  the  magnitude  of  acceleration.  At 
peak  acceleration  ventilation  became  inadequate  in  almost  every  subject.  That  is, 
tidal  volume  was  approximately  equal  to  or  less  than  the  ejected  ar-?£<teuc  dead 
space  (105  —  SIS  cc)  pear  peak  acceleration,  and  it  is  therefore  bcprcoable  that 
any  new  air  reached  the  alveoli  during  this  period  However,  tee  duration  of  inad  ¬ 
equate  ventilation  was  usually  relatively  brief  ;i0  —  15  sec)  in  this  acceleration 
profile,  and  it  is  not  expected  that  ssricas  levels  of  arterial  nsyger  deplcticm  kistec 
fry-  a  significant  duration  cf  time.  In  more  prolonged  accelerations  above  10  g  of 
forward  acceleration,  serious  arterial  sssatarstion  with  resultant  cerebral  hyposia 
would  be  expected  to  Impair  tdr-raoce  and  performance. 

During  return  from  peak  acceleration  and  in  some  caec-s,  continuing  after, 
completion  of  the  acceleration  profile,  an  impressive  Increase  in  ventilation 
occurred  which  would  suggest  teat  inadequate  05/geaa tion  did  exist  near  s^ctek 
acc  -Juration. 

<•  -^.nuid  b@  noted  too,  that  c«e  ratio  of  tetai  minute  vf  -diistipr.  to  tidal  volume 
increased  prooorrfonnlly  to  the  accelerative  force  *  '.werefere,  breathing  oscarne 


i  '  f  ffiHw  <M»  •*V,  * ,  SP-Wl  iHTllPinnw  •m^’tT'  C*  *1 


progressively  less  efficient,  so  th-c  tlie  demand  for  oxygen  increased  progressive iy 
because  of  the  increasingly  inefficient  work  of  respiration  itself. 


I 

| 


Almost  identical  results  prevailed  in  the  same  subjects  with  and  without  the 
HC-2  full  pressure  S’uis.  Pressurization  of  this  suit  during  acceleration  did  not 
alter  the  general  respiratory  pattern. 

Dyspnea  and  chest  pain  were  pr<  '«is.  in  those  subjects  unable  to  tolerate  the 
profile  of  acceleration,  and  were  cited  as  the  reasons  far  aborting  the  attempt, 
although  their  respiratory  frequency  and  Udai  volumes  were  within  the  range  of 
those  seen  in  the  subjects  who  did  tolerate  the  acceleration  profile. 

Direct  measurement  oi  arteiial  saturation  and  its  changes  due  to  acceleration, 
accelerative  changes  in  pulmonary  blood  flow  and  distribution. and  similar  studies 
are  urgently  needed.  WhU  complete  studies  will  require  more  elaborate  instru¬ 
mentation  than  Is  currently  available,  some  studies  of  arterial  satursdioas  during 
acceleration  are  currently  in  progess. 


SUMMARY 

This  report  covers  a  series  cf  experiments  which  evaluate  variations  in 
respiratory  rate  and  flow,  electrocardi ^graphic  changes,  tracking  performance 
ability,  and  subjective  response  during  an  acceleration  profile  which  completely 
envelopes  the  several  predicted  re-entry  prefiles  of  the  NASA  manned  space 
capsule.  On  the  basis  of  these  tests,  it  is  possible  to  say  that  *>x.y  of  tha  re-entry 
acceleration  curves  Submitted  by  NASA  should  fall  within  the  tolerance  limits 
using  the  net  support  system  described  with  a  forward  inclination  of  the  trunk  and 
head  of  12°. 

Preliminary  impressions  indicate  that  subjects  were  able  to  perform  critical 
tracking  maneuvers  throughout  all  except  the  peak  accelerations  of  the  16. 5  g 
curve.  There  appeared  to  be  no  decrement  in  tolerance  in  two  subjects  wearing 
the  uninflated  MC-2  full  pressure  suit.  With  the  suit  pressurized  to  3  pai,  both 
subjects  reached  16. 5  g.  One  aborted  the  experiment  at  this  point;  tha  other 
completed  the  profile. 

The  electrocardiograms  recorded  during  acceleration  show  only  mild  tachy¬ 
cardias  with  occasional  extra  systoles.  Respiratory  rale  increases  with  accel¬ 
eration,  tidal  volume  decreases.  It  appeared  that  all  subjects  were  able  to  main¬ 
tain  air  flow  {hiring  all  stages  of  acceleration,  however,  ventilation  near  peak 
acceleration  did  not  seem  adequate  to  maintain  oxygenation. 
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